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1. 


INTRODUCTION 


The  C/KC-135  first  entered  service  in  1957;  as  some  of  these  aircraft  approach  40  years  of 
service,  corrosion  has  become  an  important  consideration  in  the  aircraft  structural  health. 
Understanding  the  effects  of  age  and  humidity  on  the  fatigue  characteristics  of  the  aircraft 
structure  should  improve  the  ability  to  monitor  the  aircraft  structural  health  and  reliability.  This 
effort  was  part  of  the  larger  “Integrated  C/KC-135  Corrosion  Program  Round  Robin  Test 
Program”  sponsored  by  the  Oklahoma  City  Air  Logistics  Center.  The  testing  performed  for  this 
program  was  intended  to  characterize  the  fatigue  crack  growth  behavior  of  aged  2024-T3,  2024- 
T4  and  7075-T6  A1  alloys  subjected  to  low  (<15%)  and  high  (>85%)  levels  of  relative  humidity. 
These  materials  were  taken  from  retired  C/KC-135  aircraft  by  government  personnel  and  are 
believed  to  representative  of  the  general  fleet  with  respect  to  age  and  overall  condition. 

In  order  to  quantify  the  degradation  in  material  behavior  due  to  the  influence  of  age  and  humidity, 
it  is  very  important  that  testing  be  performed  under  reduced  variable  conditions.  By  limiting 
variables  to  material  age  and  environmental  humidity,  comparisons  between  data  will  better 
demonstrate  the  effect  of  those  variables.  For  example,  in  two  tests  that  differ  only  in  the 
material’s  age,  any  variation  in  test  results  can  be  attributed  to  age  with  greater  confidence.  It  is 
anticipated  that  the  data  generated  under  this  research  effort  will  aid  in  the  understanding  of  age 
and  humidity  effects  on  the  crack-growth  behavior  of  2024-T3,  2024-T4  and  7075-T6  A1  alloys. 
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2. 


EXECUTIVE  SUMMARY 


The  objective  of  this  research  was  to  characterize  the  effects  of  material  age  and  environmental 
humidity  on  the  fatigue-crack-growth  behavior  of  2024-T3,  2024-T4  and  7075-T6  A1  alloys. 
These  alloys  were  taken  from  the  fuselage  and  wing  skin  of  USAF  C/KC-135  aircraft 
representative  of  the  USAF  fleet  of  C/KC-135  aircraft  in  age  and  mission  use.  The  research  was 
broken  down  into  two  activities:  experimental  testing  and  data  reduction  and  comparison. 

The  experimental  testing  activity  consisted  of  two  tasks.  The  first  task  was  to  perform  specimen 
testing  under  “wet”  (>85%  relative  humidity)  conditions  while  the  second  task  was  to  perform 
testing  under  “dry”  (<15%  relative  humidity)  conditions.  For  each  task,  middle  tension  specimens 
of  the  three  aluminum  alloys  had  cracks  grown  from  machined  center  notches  to  predetermined 
lengths  before  test  data  was  recorded. 

Test  data  was  compared  to  data  from  the  Damage  Tolerant  Design  Handbook  (WL-TR-94-4055) 
and  WL/FIBEC  in-house  data  to  determine  the  effects  of  age  and  humidity.  The  in-house  data 
was  obtained,  over  time,  from  standard  laboratory  test  specimens.  This  “standard”  data  was 
generally  from  pristine  material  that  had  been  taken  from  sheet  or  plate  stock.  Standard  tests 
were  generated  under  ambient  air,  temperature,  and  humidity  conditions. 

Plots  of  da/dN  vs.  AK  indicated  that  the  fatigue  crack  growth  rates  of  the  7075-T6  A1  alloy  were 
influenced  by  the  presence  of  humidity  while  the  fatigue  crack  growth  rates  of  the  2024  A1  alloys 
were  not. 
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Additionally,  age  comparisons  made  for  2024-T3  aluminum  suggested  no  age  effects,  whereas 
comparisons  for  7075-T6  aluminum  were  inconclusive  due  to  the  lack  of  control  data.  Age 
comparisons  were  not  made  for  2024-T4  aluminum  due  to  the  lack  of  data  for  non-aged  material. 
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3. 


TESTING 


3.1.  Specimen  Configurations 

The  specimens  used  in  this  test  program  were  prepared  by  Boeing-PSD  Engineering  and  delivered 
in  “as-received”  condition  [1].  “As-received”  means  that  the  material  was  obtained  from  the 
fuselage  of  retired  C/KC-135  aircraft  without  artificial  corrosion.  The  alloys  were  all  clad,  with 
nominal  thickness  of  0.063  inches,  and  TL  specimen  orientation.  The  test  specimens  were 
prepared  as  ASTM  E647-93  Middle  Tension  specimens  with  EDM  wire  cut  starter  notches 
(Figure  1).  The  area  local  to  the  starter  notch  had  been  polished  to  facilitate  optical  crack 
measurement  and  protected  with  special  cellophane  tape  which  had  no  adhesive  residue. 


Figure  1  Typical  Middle  Tension  Specimen  According  to  ASTM  E647-93 
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The  nominal  specimen  dimensions  are  shown  in  the  table  below: 


Table  1  Nominal  Specimen  Dimensions 


Alloy 

#  of  Specimens 

Width 

Length 

Thickness 

Starter  Notch  (2a) 

2024-T3 

8 

1.75 

7.0 

0.063 

0.350 

2024-T4 

8 

1.50 

6.0 

0.063 

0.300  ! 

7075-T6 

8 

1.75 

7.0 

0.063 

0.350 

3.2.  Testing  Apparatus 

All  testing  was  performed  in  the  Fatigue  &  Fracture  Test  Facility,  Building  65,  Area  B,  Wright- 
Patterson  AFB,  Ohio.  The  specimens  were  tested  in  either  a  35  kip  or  20  kip  MTS  servo- 
hydraulic  fatigue  test  frame  using  5  kip  and  2  kip  load  range  settings  respectively.  These  test 
frames  are  numbered  14  and  15  in  the  test  facility.  All  tests  were  conducted  at  10  Hz.  These  test 
frames  were  operated  in  load  control  using  MTS  Model  458  test  controllers  with  load  signals 
generated  on  MS-DOS  based  computers  running  MATE  software.  MATE,  MAterial  Test  and 
Evaluation,  is  a  software  package  written  by  the  University  of  Dayton  Research  Institute.  Load 
cell  data  from  the  MTS  Model  458  was  recorded  using  High  Gain  DC  conditioners  and  a  Model 
RS3800  strip  chart  recorder.  Crack  lengths  were  measured  optically  using  Gaertner  Scientific 
microscopes  mounted  on  Velmex  Unislide  precision  sliding  assemblies  with  a  graduated  scale  of 
precision  ±0.0005  inches. 
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The  two  humidity  conditions  tested  were  artificially  introduced  using  an  ordinary  aquarium  air 
pump  to  pump  air  into  a  column  of  water  (or  desiccant),  then  into  a  small  chamber  surrounding 
the  test  specimen.  The  air  pump  was  controlled  by  a  humidity  sensor  mounted  in-line  with  an 
exhaust  hose  leading  away  from  the  chamber.  For  the  “wet”  testing,  the  column  was  filled  with 
ASTM  D1193  Type  III  or  better  reagent  water  to  provide  high  humidity  air.  During  the  “dry” 
testing,  the  water  was  replaced  with  DESI-PAK,  a  clay  mineral  desiccant  from  United  Catalysts 
Inc.  The  desiccant  conformed  to  standard  Mil-D-3464E.  These  setups  easily  provided  a  relative 
humidity  above  85%  and  below  15%,  respectively. 


Figure  2  Typical  Test  Apparatus  Showing  Configuration  for  “Dry”  Test 


3.3.  Testing  Conditions 


The  test  program  consisted  of  three  materials,  two  stress  ratios  (R=  and  two  humidity 

ranges  as  shown  in  Table  2. 
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Table  2  Test  Matrix  for  Humidity  Effects 


Alloy 

UH1 

Stress 

Ratio 

Humidity 

Level 

2024-T3 

2  each 

0.05 

>85% 

<15% 

0.50 

>85% 

<15% 

2024-T4 

2  each 

0.05 

>85% 

<15% 

0.50 

>85% 

<15% 

7075-T6 

2  each 

0.05 

>85% 

<15% 

0.50 

>85% 

<15% 

The  specimens  were  subjected  to  the  loads  and  conditions  specified  by  the  Integrated  Round 
Robin  Testing  Program  [1]  and  designated  on  each  specimen  traveling  data  sheet,  as  listed  in 
Appendix  A. 

The  crack  for  each  specimen  was  grown  an  additional  0.100  inches  from  the  starter  notch  during 
pre-cracking.  The  pre-cracking  loads  were  identical  to  the  test  loads  and  were  introduced  under 
ambient  humidity  and  temperature  conditions.  After  pre-cracking,  an  environmental  chamber  was 
placed  around  the  test  specimen  and  environmental  conditions  were  allowed  to  stabilize  at  the 
predetermined  humidity  levels  before  fatigue  crack-growth  rate  testing  began. 

During  testing,  the  specimens  were  subjected  to  constant  amplitude  fatigue  loading  with  a 
frequency  of  10  Hz  at  the  designated  maximum  stress  and  stress  ratio  (R)  .  The  specimens  were 
fatigued  sufficiently  for  the  total  crack  (2a)  to  grow  0.030  inches,  at  which  time  the  crack  was 
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measured.  During  crack  measurement,  the  specimen  was  loaded  to  eighty  percent  of  the  test 
maximum  stress  to  facilitate  optical  measurements. 

The  result  of  this  testing  was  a  record  of  crack  length  versus  cycle  count.  The  data  was  hand 
recorded  on  each  specimen’s  traveling  data  sheet.  These  records  can  be  found  in  Appendix  B. 
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4. 


DATA  REDUCTION 


During  testing,  crack  lengths  were  recorded  at  cyclic  intervals  sufficient  to  grow  the  total  crack 
(2a)  approximately  0.030  inches.  These  data  were  then  transferred  into  an  EXCEL  spreadsheet 
where  mathematical  relationships  were  solved  for  stress  intensities  and  crack-growth  rates. 


The  secant  method  [2]  was  used  to  calculate  fatigue  crack-growth  rates,  where: 

da  _  ((<7rl  —  Clll)  —  (cir0  —  Clio))  /  2 

dN  (Ni-N  o)  Equation  1 

where:  arj  =  Current  Right  Crack  Tip  Measurement 
ari) =  Previous  Right  Crack  Tip  Measurement 
an  =  Current  Left  Crack  Tip  Measurement 
aio  =  Previous  Left  Crack  Tip  Measurement 
Ni  =  Current  Cycle  Count 
No  =  Previous  Cycle  Count 

This  equation  (5-1)  gives  the  average  crack-growth  rate  for  the  cyclic  interval  between  the  two 
measurements. 


where:  AP  -  Maximum  Load  -  Minimum  Load  for  stress  ratios  greater  than  0 
B  =  Thickness  of  the  Specimen 
W  =  Width  of  the  Specimen 
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This  form  of  the  stress  intensity  factor  equation  was  used  in  order  to  calculate  the  stress  intensity 
for  the  average  crack  length  of  the  cyclic  interval.  This  corresponded  to  the  crack  length  used  in 
the  secant  method  of  calculating  the  fatigue  crack-growth  rate  (Equation  1). 

These  data  were  then  plotted  for  da/dN  vs.  AK  on  a  log-log  graph  and  can  be  found  in  Section  5. 


10 


5. 


DATA  ANALYSIS 


To  determine  the  effect  of  humidity  on  fatigue  crack-growth  rates,  plots  of  da/dN  vs.  AK  were 
compared  by  humidity  level  for  the  same  materials  at  the  same  stress  ratios.  The  data  from  this 
test  program  were  compared  to  data  retrieved  from  the  Damage  Tolerant  Design  Handbook  [3] 
and  existing  in-house  data  to  determine  if  there  were  any  age  effects 


5.1.  2024-T3  Aluminum  Alloy 

Figures  3  and  4  contain  the  fatigue  crack-growth  rate  data  for  the  2024-T3  A1  alloy.  Each  figure 
contains  data  for  four  specimens  tested  at  the  same  stress  ratio  but  two  different  humidity  levels. 
Also,  the  figures  contain  in-house  data  from  pristine  material  for  age  comparisons. 

Figure  3  shows  the  “wet”  and  “dry”  data  for  R=0.05  and  suggests  no  apparent  humidity  effect  on 
the  fatigue  crack-growth  rates  of  the  2024-T3  A1  alloy.  Since  these  data  closely  resemble  in- 
house  data,  it  might  be  concluded  that  aged  material  has  the  same  fatigue  crack-growth  rate 
characteristics  as  new  material.  Likewise,  the  data  for  the  tests  at  R=0.50  (shown  in  Figure  4) 
suggest  the  same  conclusions. 
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da/dN  (inches  per  cycle)  da/dN  (inches  P«r  cVcle) 


1.00E-03 


1.00E-04 


1.00E-05 


1.00E-06 


1.00E-07 


1.00E-03 


1.00E-04 


1.00E-05 


1.00E-06 


1.00E-07 


5.2.  2024-T4  Aluminum  Alloy 


Figures  5  and  6  show  the  “wet”  and  “dry”  crack-growth  rate  data  for  the  2024-T4  A1  alloy.  Each 
figure  contains  data  for  the  same  stress  ratios  but  different  humidity  levels.  There  were  no 
published  fatigue-crack-growth-rate  data  available  from  the  Damage  Tolerant  Design  Handbook 
[3]  or  in-house  to  make  comparisons  between  aged  and  new  materials  of  this  aluminum  alloy. 
Therefore,  there  were  no  comparisons  of  this  nature  made  in  this  report. 

At  both  stress  ratios,  there  was  little  or  no  variation  of  data  due  to  humidity.  While  Figure  5 
demonstrates  some  scatter  of  the  data,  the  scatter  is  consistent  within  both  humidity  levels  and 
does  not  necessarily  indicate  any  appreciable  differences  in  fatigue  crack-growth  rates.  Figure  6 
shows  both  “wet”  and  “dry”  data  at  the  higher  stress  ratio  with  less  scatter  and  no  apparent 
humidity  effect. 
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da/dN  (inches  per  cycle)  da/dN  (inches  per  cycle) 


1.00E-03 


1.00E-04 


1.00E-05 


1.00E-06 


1.00E-07 


1.00E-03 


1.00E-04 


1.00E-05 


1.00E-06 


1.00E-07 


5.3.  7075-T6  Aluminum  Alloy 


Figures  7  and  8  contain  the  fatigue  crack-growth  rate  data  for  the  7075-T6  A1  alloy.  Figure  7 
contains  the  limited  data  found  in  the  Damage  Tolerant  Design  Handbook  [3]  for  7075-T6 
aluminum  tested  at  a  stress  ratio  of  0.50.  It  should  be  noted  that  both  plots  include  in-house  data 
for  7075-T651  aluminum.  The  7075-T6  aluminum  was  not  represented  in  the  in-house  data,  and 
7075-T651  aluminum  was  used  because  of  its  similarity  in  fatigue  crack-growth  rate  behavior  to 
the  tested  material.  Both  the  handbook  and  in-house  data  correspond  to  non-aged  material  tested 
in  room  temperature  lab  air  environments  with  “ambient”  humidity  levels  of  approximately  50- 
70%  which  could  be  used  for  age  effect  comparisons. 

Both  figures  (7  and  8)  show  a  clear  difference  in  the  fatigue  crack-growth  rates  of  7075-T6 
aluminum  subjected  to  different  humidity  levels  which  could  be  attributed  to  the  effect  of 
humidity.  Again  in  both  figures,  the  “wet”  test  data  agrees  with  the  Design  Handbook  and  the 
lower  portion  of  the  in-house  data  curve.  This  resemblance  between  data  sets  might  be 
attributable  to  a  lack  of  age  effects  or  an  interaction  of  the  effects  of  age  and  humidity.  The 
design  of  the  test  matrix  and  limited  number  of  specimens  did  not  allow  for  the  isolation  of 
possible  age  effects  from  humidity  effects,  so  it  is  unclear  what  effect  age  had  on  the  fatigue 
crack-growths  rates  of  7075-T6  aluminum. 
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If  there  are  no  age  effects,  as  was  the  case  suggested  for  2024-T3  aluminum,  then  two  other 
observations  might  be  made  from  examining  Figures  7  and  8.  First,  at  both  stress  ratios,  the 
“wet”  data  agreed  closely  with  the  ambient  data  from  the  Design  Handbook  and  in-house  data 
while  the  data  from  the  “dry”  tests  fell  lower  on  the  graphs.  This  may  suggest  that  7075-T6  A1 
alloy  possesses  a  humidity  level  threshold  where  higher  humidity  levels  would  have  no  further 
effect  on  7075-T6  aluminum’s  fatigue  crack  growth  rates. 

Second,  the  separation  between  “wet”  and  “dry”  data  is  less  for  the  higher  stress  ratio  than  the 
lower.  This  smaller  difference  may  suggest  that  the  humidity  effects  are  sensitive  to  the  applied 
stress  ratio,  where  a  higher  stress  ratio  diminishes  the  humidity  effects. 
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6. 


CONCLUSIONS 


This  research  effort  included  gathering  data  on  three  clad  aluminum  alloys  removed  from  the 
fuselage  of  retired  U.S.  Air  Force  C/KC-135  aircraft  more  than  30  years  old.  These  materials 
were  2024-T3,  2024-T4,  and  7075-T6  A1  alloys.  The  test  was  designed  to  further  the 
understanding  of  the  effects  of  humidity  and  age  on  the  aluminum  alloys’  fatigue  crack  growth 
rates.  The  testing  performed  under  this  Delivery  Order  involved  identical  test  specimen 
configurations  subjected  to  fatigue  loading  while  exposed  to  two  different  humidity  levels,  “wet” 
(>85%)  and  “dry”  (<15%).  Furthermore,  these  test  results  were  compared  to  the  results  of 
similar  tests  involving  relatively  “new”  materials  to  determine  if  there  were  any  age  effects. 

Of  the  three  materials,  only  the  7075-T6  aluminum  demonstrated  a  humidity  effect.  For  the  two 
test  conditions  of  “wet”  and  “dry”  at  stress  ratios  of  R=0.50  and  R=0.05,  7075-T6  A1  displayed 
an  increase  of  fatigue  crack-growth  rates  in  the  “wet”  environment.  These  results  seem  to 
indicate  that  the  humidity  effects  were  less  pronounced  in  tests  conducted  at  higher  stress  ratios. 
Other  research  examining  the  effects  of  corrosion  have  shown  that  corrosion  effects  are 
diminished  by  increasing  load  ratios  [4],  Similarly,  it  would  seem  that  increasing  stress  ratios  may 
also  diminish  the  effects  of  humidity. 

Additionally,  from  the  results  of  this  effort  it  seems  that  fatigue  crack-growth  rates  are  similar  for 
relative  humidity  levels  of  60%  and  90%,  while  humidity  levels  near  5%  showed  slightly  lower 
crack  growth  rates.  The  lack  of  significant  difference  in  fatigue  crack  growth  rates  at  the  two 
higher  humidity  levels  suggests  that  humidity  levels  above  a  certain  percentage  will  no  longer 
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influence  the  fatigue  crack-growth  rate  behavior  of  the  7075-T6  A1  alloy.  Additional  testing, 
involving  a  range  of  humidity  levels  between  5%  and  50-60%,  may  help  to  better  understand  at 
what  levels  humidity  has  no  further  effect  on  the  fatigue  crack-growth  rates  of  7075-T6 
aluminum.  Also,  further  testing  would  be  required  to  determine  the  effect  of  stress  ratio  on 
humidity  effects.  Testing  to  include  stress  ratios  of  0.7,  0.33,  0.02,  and  -1.0,  which  are 
represented  in  the  Design  Handbook,  would  provide  “wet”  data  to  compare  against  the  Design 
Handbook’s  baseline  data  to  better  understand  this  phenomenon. 

Of  the  two  cases  where  age  effects  on  fatigue  crack-growth  rates  were  examined  in  this  report, 
2024-T3  aluminum  and  7075-T6  aluminum,  only  the  2024-T3  aluminum  demonstrated  no  age 
effect.  The  results  for  7075-T6  aluminum  were  inconclusive  with  respect  to  age,  due  to  lack  of 
data  for  aged  specimens  tested  at  ambient  conditions.  Therefore,  no  comparisons  could  be  made 
with  the  non-aged  data  contained  in  the  Design  Handbook  and  in-house  data.  However,  the  lack 
of  age  effects  on  fatigue  crack-growth  rates  of  several  materials  has  been  demonstrated  by  the 
research  of  other  organizations  [5],  which  suggests  the  7075-T6  aluminum  examined  in  this  effort 
would  have  behaved  similarly.  Also,  it  has  been  reported,  that  the  effect  of  age  on  fatigue  crack- 
growth  rates  of  materials  is  minimal,  while  the  effects  attributed  to  corrosion  appear  much  more 
severe  [5,6,7], 
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8.  APPENDICES 


8.1.  Appendix  A  -  Loads  and  Conditions 
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8.2.  Appendix  B  -  Test  Data 
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30)003  S.qsi  4.oo4 


Zs.oo^  3.433 


1<>M  IA\5 


1*5. ^  3.3^ 


[OiOoz,  ^.izo  ^.oTO 


ViCOZ  3.314  Wo 


8vOOH  3.35>  Ml- 


8M 


3i-r  4-114 


^£flRSIDe 


Cl 

C2 

3.ioi 

q.i'W 

3M5 

4.111 

3. 214 

3.ZIU 

‘U'N 

Zzoo 

4.25^- 

3.\2£ 

3.\13 

4M6~ 

3.i5k> 

4-3o3 

3.131 

3.113. 

4-331 

3.n4 

4341 

3.\oo 

3.^6 

fiBBl 

3.030 

4.380 

3.0  b\ 

4-3>Tft 

3o>50 

H4I\ 

3.030 

4.430 

3.011- 

HW 

EESIEE^ 

yifalUIlkbl 

2.6^' 

4.0)03 

Boeing-PSD 
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FAR  SIDE 


TEST  REQUIREMENTS 


Corrsion  State 


Smax 


~|<^  Machined  Notch  ^>|~ 
View  looking  at  specimen  Near  Side 


Cyclic  Frequency 


0/1  hz 


Relative  Humidity 


2an^€arSjde  ~ 
2an.farside  —  _ 


TEST ACTUALS 


Specimen  ID: 


ft*  l 


Lab  ID  |  NtefineD 


Pn«0ap)  I  PirinOop):  Q  .t>6o 


7t>°F 


Tenp(degF)  |  %W 


iearsee 


crack  Rc\cc£  3.5 tS>  4p43 


2$tO0(s 


hO{00(p  3-5^2. 


30i0D>  3.5M5  H-OTl 


Loreto  "5.53.8  1.0$8 


i.Si\  H.WT 


14,3=11  3-50.  4-U5 


8  15,00(4  3.505 


\t5loo?  3>m°\\  H-Hl 


i5(oo(*  H-\53 


«  !5,oo?  H-U 


iSiOoo  3.44%  1.\&3 


3-43T  1-200 


13  l3(ocM 


14  [ipca  3 .4  it 


10  voO(c 


3AoZ  1.i3o 


1-150 


MEARSZDE 

Cl 

C2 

3.3t*L, 

'{.ZM 

3-551 

M.z% 

1.313 

3-5^ 

4-3Z-5* 

3  Tcfe 

1-33& 

S.zr* 

H-lSe 

3.ZSH 

1-3(4* 

3zu>i 

3.zM4 

1-40o 

3.337- 

HMzo 

3z\T 

1-1^ 

3>.t^5 

B 

3.W\ 

liiilfl 

3.\fc*> 

5-W 

1.4t5 

beeh 

^•I3T 

4-533 

3.133 

3.\o5 

1-535 

3-0^3 

4.U>P(b 

Mamma™ 

2.U3 

5-Ul 
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TEST  REQUIREMENTS 


Corrsion  State 


Smax 


BM. 


~|<^  Machined  Notch  ^>j~ 
View  looking  at  specimen  Near  Side 


Cyclic  Frequency 


0.1  hz 


Relative  Humidity 


?•.  >85%  'I 


2^n-nearside 

2an.farside 


=  3.522- 3. nil. 


TEST  ACTUALS 


Specimen  ID: 


Lab  ID  I  Machine  E> 


NEARSIDE 

EAR  SIDE 

a 

C2 

C2 

Cl 

T5CF 


O-TH* 


Tenp(degF)  |  %FH 


17  5too 3 


H,ooH 


*  S.^3 


20  35t>^  3.Z33  4-253 


NEAR  SHE 


mM 

3.51A 

3ovco3> 

3.508 

2ovoo3 

3533 

2 OiOoM 

5523 

Zc?ioo3  ; 

3.4i?k? 

ll  (oc?3 

55S5' 

\TvOo2_ 

3MZ- 

12,001, 

3.4% 

I'SiOiTZ. 

3-Mv? 

a(oo3 

?.W 

"Vooi 

33T« 

$xoot 

3-3(*5 

3^11 

It0o4 

3332 

fevoo5 

3.310 

G.cM 

3.3o5 

0>M 

3.223 

22  Z&lD 


loo*) 


5o3 


26  no^ 


28 


29 


»  1 00b 


31  foz. 


(col 


3.\<K 

4^81 

3.m 

4 -Bo*) 

3.1  (q\ 

4-52^ 

3.5c 

\AJ 

oo 

3.  re? 

5.H3 

H.3T\ 

4.388 

3.053 

4% 

mm 

w 

|gi|KEKjj§ 

laB»ah«hll8ll 

3-ooS 

BMWBH 

l  .?>T) 

K.013  1 

Boeing-PSB 

August  30.  1994 
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Corrsion  State 

:  As-receWe^v  Artificial; 


.  Frequency 


Relative  Humidity 


Machined  Notch  ^>j 
View  looking  at  specimen  Near  Side 


^n-nearside 


=  3:02 2-  ?.m 


TEST ACTUALS 

Specimen  ID:  ||U|g|r  C 

Pg-g  [testcae: 

Lab  ID  |  NbdinelD  BEC 


V^ircb)  | tench):  ;  |gjgg||g|j 
P™£<ip)  I  PnfctOap):  £). 

Tarp(degf)  |  %FH  ~75°F 


NEARSIDE 


N 

Cl 

C2 

Pre- 

crack 

Moot 

3.5TO 

AotS 

1 

00 

0 

q 

S.5^5 

4035 

2 

Zoxoo^ 

3.35"  \ 

HM3 

3 

©^SiOO  5* 

$-S4\ 

‘A  .OUT 

4 

Z5'iCo(p 

S.5zn 

1-OTl 

5 

^3(005" 

3503 

Mot? 

6 

2aoo4 

5.414 

4.043 

7 

'Zc^Oo'-l 

3  All 

A  ao{^ 

3 

ITiO^ 

3.^6 

A.\\4 

9 

n(oo*f 

3.454 

4.11? 

10 

n-w? 

3  Ait- 

H.WJ 

11 

(?>tbOd 

IMd 

4M 

12 

1  UtfoT 

3.4o5 

13 

4too& 

14 

Loo£ 

ii^ 

15 

(5,003 

3>Z>\fL 

16 

Iq  lOOO? 

Mzh? 

zb  ,w 
#/3f 

o^6_ 

1% 
FAR  SIDE 


NEARSIDE 

FAR  SIDE 

N 

Cl 

C2 

C2 

Cl 

17 

•SM 

Vvsrt 

4-Z9> 

18 

S,0C?C. 

3  .-*>11 

^•ZTB 

19 

4i0OIp 

5  .?>o5" 

20 

?>,5DU 

Mos 

21 

5  ToS 

22  , 

,3*t>z4 

23 

ISoA 

3.zA(p 

*1344 

24 

Zx'So  Cp 

5.233 

4.M59 

25 

ZSo^ 

S.ZH 

M.vr? 

26 

\1dg 

3.tfg 

4312. 

27 

iToM 

5aM 

4  Ml  0 

28 

n-05" 

MAr? 

V, 

29 

5A45 

14*13 

30 

\O0<[ 

3.\?>l 

■Mss 

31 

708 

3.126 

M.Mlo 

32 

(no? 

5.\\\ 

4.481 

33 

fro} 

4-44? 

34 

50 7 

5.085 

4-50? 

35 

Stf 

l.O(o~7 

Iszz. 

36 

w 

3.0  4? 

M-53S 

37 

2oj 

3-o5< 

l5H$ 

38 

Zo4 

3.o3T 

HMfrZ 

39 

ZcM 

3.02T 

W 

'  "1 - 

- r1 

Boeing-PSD 

August  30.  1994 
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1  K5< 

3^  3 .024  4jgj 

3fe  3-oref  H-o>og 
lu>  I 


ica  \  KtuuiKEMENTS 


Corrsion  State 


Cyclic  Frequency 


Relative  Humidity 


^•T5"5  ’  3.^05 


j<^  Machined  Notch  ^>j~ 
View  looking  at  specimen  Near  Side 


TEST ACTUALS 


Specimen  ID: 


Lab  ID  I  fvfecfinelD 


Testdierj  2^^^ 


it  I1/ 


PmrtOap)  |  Pnin(Mp):|  Q  g^g 


75° 


Tarpfde^)  |  %RH 


rrc- 

crack  iZS-,Oo3  3-443 


4  .00^ 


(5  i00b  4.02 4 


12,00b  4.o43 


lO{00 3  4  -OLeJ 


4.000 


SiOP3  4.044 


-*,0o z. 


4111 


(*,003 


5  ^04  M.i5i 
4g^  Im' 
1v0o4  4.\$4 

4<oo4  4-io  [ 


13  3,oo4 


3,0o3 


3i0o4 


*  3 .003 


4-1% 


4-32% 


4i4fc 


4-1^ 


Boeing-PSD 

August  30.  199< 


3.4S3 


3.4?Z 


3.45? 


3-441 


3-424 


3.MU 


3-345 

3jftl 

3.3  u>\ 
3.350 


3324 


3-3\3 


3-3d3 


FATIGUE  CRACK  GROWTH  RATE  DATA  SHEET 


TEST  REQUIREMENTS 


Corrsion  State 


Smax 

R -ratio 

Cyciic  Frequency  j 

nm 

+0.05 

— 

i;:;:  0.1  tiz£ 

RBII 

Relative  Humidity 


<15% 


TEST  ACTUALS 


Specimen  ID: 


|  Testcfate:  £6?  Su.u 


Lab  ID  |  WbcfirelD  VA-/F16EC 


Machined  Notch  ^>j~ 
View  looking  at  specimen  Near  Side 


2.T  Jurt'W' 


#1? 


23n-nearside  ~  ~~ 

Oa  — 

^■^n-farside 


Terrp(degF)  |  %RH 


N 

Cl 

\^(M 

4.008 

\o^\ 

4 .01(0 

\5.co5 

1-D31 

Vofc 

4.o44 

&\OCPc 

4.0^ 

3,oc>5" 

4.0% 

T.Pol 

4.040 

4.\oH 

bvOoS' 

4-m 

6606 

6.134 

4.m 

4,501- 

H.\lp3 

6,007 

H.\U 

3,ooT 

3, DCS 

4^4 

im 

4-17.0 

3\OOT 

4.167 

NEARSIDE 


C2 


18  2,506" 


ZvOo4 


20  l,5o<, 


.\,so 


),t>©3 


LbO^ 


1,00? 


■\100H 


2s  S.cq- 


ipob 


L\ob 


203 


M 


NEAR  SEE 

Cl 

C2 

14.161 

Bno 

H-tia 

3.2^4 

3.3% 

4.Z4& 

3.145" 

434 

3.132 

EKfll 

3-3)3 

3-201 

4-341 

3.133 

4-360 

3.1^2. 

4.311 

3. 1UT 

4.340 

3.1% 

4.463 

S.17.T 

4  Ail 

3.)\1 

4-432. 

3.o4z. 

4.4^ 

3-Og  i 

3 -o&5 


Z.lo1/ 


Boeing-PSB 

August  30.  1994 
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TEST  REQUIREMENTS 


Corrsion  State 


S':  Artificial 


Cyclic  Frequency 


o.i  hz  ; 


j<^  Machined  Notch  ^>j 
View  looking  at  specimen  Near  Side 


"TEST  ACTUALS 


SpecrrenlD: 


Pee 

Test  date: 

Lab  ID  |  Nfectine  ID 


WpndT)  |  tfmch) 


PfnoM  I  Pnin(Jap): 


Tenp(cfecf)  |  %RH 


So 


VOLlFlte 


/■ZBiS 


IT 


NEARSIDE 


i5|Cbk> 


l<W4 


^003 


!,0o 


IpT 


^00*) 


V°5 


4voof 

jwT 

n.pol 

SvOOl' 


i-io5 


4-121 


Z^n-nearside 

23n-farside 


Relative  Humidity 


:<is%  j's| 


=  3-131- 


17 

2 OD*} 

Esmail 

18 

2oc>M 

19 

2.£>o4 

88^ 

20 

2<^>4 

FAR  SIDE 

21 

NEARSIDE 

Cl 

C2 

i'z.’e 

3.3c? 

4.i5i 

3.Zlo 

Hxo-? 

3-ZT£> 

4  Z%-l 

1.21*2. 

4-141 

3-m 

4-3W 

4-830 

3-loZ 

4.16b 

3.\M 

4.31b 

3.\T3 

3.165 

4-4o4 

3-Bg 

4-422,  3.\i4 


4-432.  3.U3 


4-441  3-0^ 


4-41  (  5.o io 


4-4l?l  Tbl5 


4.b31  1.221 


Boeing-PSD 

Auc;jst  30  I99i 
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TEST  REQUIREMENTS 


Corrsion  State 

Artificial  y. 


Smax 

•7.^ 


Cyclic  Frequency 


Relative  Humidity 


2an 


0.1  hz  (  lOhz  J  <15%  /-l 


Machined  Notch 

View  looking  at  specimen  NearSide 


TEST  ACTUALS 


Specimen  ID; 


P&  |  Testdte  3o  ,W  4T 


Lfc!D|NWinelD  V/L  /f,g£C 


PimiO^P)  I  PninO^: 


n* 


Terrp(ctegf^  |  %RH 


NEARSIDE 


iZS.coz.  Z.*\3S  3.  *484 


3M1& 


15P0Z  3.158 


1  1%8 


&<£>% 


FARSIDE 


5 

5\00i 

6 

1,005 

148o 

3.^5 

7 

T.COZ 

3.410 

3.452 

8 

3-,  ool 

8-Hoo 

4.012 

9 

fc,o03 

im 

4.02k 

10 

5,oo5 

3-384 

11 

5.^03 

3.3  «?Z 

4.05b 

12 

i 

Svoo6 

3845 

4-041 

13  | 

4  ,oo3 

^830 

4-0fti 

14 

4,0o4 

3-8\Ip 

4.W 

15 

H,o01 

3  .300 

HAO? 

16 

AxOol 

6833 

4.113 

17  3oo3 


2G92 


2  ocH 


2°  ZS6-L. 


■25bH 


23  Z5<?-2- 


ZoOi_ 


25  Zco3 


7.00 


(OOL 


U?03 


ID03 


ICfcM 


Tt>3 


101 


(p05 

Ho3 

63 

t? 


2an-n  earside 
23n-farside 


NEARSIDE 


likb  4-^2> 


lz55 


3.Z^  4.16l 


8.Z3S  1.1 


4.R1 


S.zc^  ^-/IZ 


3.iSl  4-Z^o 


8.\5\  4-134 


3.151  izSO 


3  All  |tZ5? 


lo^ 


5-01^ 


S.ofc»(p  4-8o>2 


3.o4(p  4.3lb 


3.081  4-310 


H-m 

4.3a 

Z-44i  KlR- 
2 -4 14  4j%k 
2.8lO  6-518 


3.85k- 3. 54> 


Boe'mg-PSD 

Ai,"!.-*.!  TO  IP0-1! 
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FARSDE 


Machined  Notch  ^>j 
View  looking  at  specimen  Near  Side 


2^nmearside 

2^n-farside 


TEST  ACTUALS 


Specimen  D: 


pRE  |  Test  date: 


LablD|MrKneD  Uj L.  j  F ( &EC 


NEAR  SEE 

Cl 

C2 

3.4P' 

Tenp(degF)  |  %FH 


ioo3 


^o»\ 


Boemg-PSB 

August  30.  1934 


/./29 

77 

NEAR  SEE 

Cl 

C2 

>A.\o3 

H.\\\ 

*GS>  G 

4-IV& 

3-(p5T 

BKHH8SI 

w 

3.g?ZZ 

Im 

3.^03 

3.5io 

M.m 

3.58o 

4.i\o 

3.50?) 

H.zz0 

3-55Z 

H.740 

3-540 

4-25? 

3.5Z\ 

3.511- 

4.1T& 

3.443 

4-140 

3-4K 

4-3G 

3-Hk?cl 

|1 

O •  S&5" 


81  Z 
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TEST  REQUIREMENTS 


Corrsion  State 


Artificial 


Cyclic  Frequency 


+0.50  I  0.1  hz 


Relative  Humidity 


Machined  Notch  ^>| 
View  looking  at  specimen  Near  Side 


23,-j.farsicje 


=  H.CT 


TEST  ACTUALS 


NEAR  SEE 

FARSIDE 

Cl 

C2 

C2 

Cl 

Lab  ID  |  Ptedine  C 


#ir 


Terrp(cfegF)  | 


0. 1(4 


Ks°? 


NEAR  SEE 


0M1 


FAR  SICE 


too4  4-4t°[ 


19  |  oolr  4.454 


20  \00(fi  ^.%Z  S.Si  O 


21  I 'Moot  H-4?4  3.W 


15  \6ob 


16  \  v0  o5 


Boeing-PSD 

August  30,  1994 
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TEST  REQUIREMENTS 


Corrsion  State 


Artificial 


ago 

mamm 


Smax 


5 1--: 


~]<^  Machined  Notch  J>|~ 
View  looking  at  specimen  Near  Side 


Cyclic  Frequency 


0.1 hz 


Relative  Humidity 


2a  -  *  =  M.105-3.,80^ 

-nearside 


TEST ACTUALS 


NEARSCE 

FARSJEE 

Cl 

C2 

C2 

Cl 

Boe'mg-PSB 
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TEST  REQUIREMENTS 


Corrsion  State 


Artificial  l<?Z<cA 


Cyclic  Frequency 


|<^  Machined  Notch  ^>j 
View  looking  at  specimen  Near  Side 


TEST  ACTUALS 


Specimen  D: 


2  nearside 
23n.farsj<je 


NEAR  SEE 


Relative  Humidity 


<15% 


-  3-6(0 z. 


Testdie:  2\  .W 


Lab  10  | KteKneD 


Winch)  |  t(inch): 


Tefrp(ctegF)  |  %RH 


/./eV 


7S 


NEAR  SEE 


N 

Cl 

C2 

l\b(003 

4.oo^ 

3-blo 

\o{oo3 

4.oip 

3.5^2 

10^004 

4-031 

3.583- 

It?  tO03 

4.0  49 

3-531 

A  ,ooi 

4.01*2. 

3.553 

oydoi 

•UW 

3.538 

^,003 

4-0% 

3.513 

tvoo3 

1.U5 

3.5ol 

5\Oo4 

H-Bo 

3.443 

4f)&3 

vw? 

3.4*30 

4-1^5 

XM 

i\S3 

ami 

3,?04 

4.\4< 

3.430 

3,003 

H-Zi\ 

3.404 

7VOOZ 

iZiM 

3.401 

3\0T? 

4-T3\ 

3.340 

2,005 

4.14b 

3.344 

2-2.  «3t4t0>45" 


0*5(fiO 


83<  S' 


FAR  SIDE 


17  U5(?H  47.5T  3.^(p 


45o3  4 .110  |  3.352. 


■1 (5o4  4-3&2. 


4.3i4  3.3io 


X\^o3  T232 
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Corrsion  State 


Artificial 


R-ratio 

Cyclic  Frequency 

to.os  •••; 

W38£ 

Vf0.1hz:..  :4 

warn 

Relative  Humidity 


<16% 


Machined  Notch  ^>j~ 
View  looking  at  specimen  Near  Side 


2an-nearsjde  M  •  io  1  3 '( 

^arj.farside  —  - 


TEST  ACTUALS 


Specimen  ID: 


Test 


Lab  ID  i  NbcfinefD 


70757$>-A 


PmccOorf  I  Pn *#$)■■ 


Tenp(degF)  |  %FH 


O.P>\lfi 


T5° 


NEARSIDE 


o.m\ 


q\7. 


FAR  SIDE 


H.0T4  3.yio 


2  ,ooM 


5^00 H  in-  3.55T- 


.W  S.55Z. 


e  ^,oo?  4. 114  3.535 


I^.oom  4-Vftl  3-5Z.5 


4 .2o i  B.5l\ 


9  IO.DdB  1  4-2\M 


6o,t>oS  4-lTi,  MSI 

11  ivQ06  4 -Tin  im 

«  1  7,003  1  H-2bD 


13  IjOob  H-2(^ 


14  6,oo5 


15  5v0oB  2 -lift 


is  5i0o3> 


Boeing-PSD 


FATIGUE  CRACK 


t&RSXJE 

FAR  SIDE 

Cl 

C2 

C2 

Cl 

4,oo3 


18  3voo3 


B(0£>3  H-351  J3(p3 


Z&i  "3.352 


Z»Sd4 


AZ ,503  *"1-343  ^-^>23 


3 


2(0o  3  3.3% 


25  \,S63  4.43% 


ti  5ot- 


1.003 


uoon 


woo\ 


30  goO 


31 


4-%3  3.Z5T 


4-4$°l  3.737- 


^  H.5\\ 


q.5x\  3.zo^ 


1^.330  3-7,03 


32 


33 


34 


35  1^00 


38  t\0l 


4-5^2  5.\<5V 


4-4%  3-\3(p 


H516  3-Up3 


39  302 


40 

Ml  <\  U.T-i^  IM 


TEST  REQUIREMENTS 


Corrsion  State 


Artificial 


Machined  Notch  ^>| 
View  looking  at  specimen  Near  Side 


Cyclic  Frequency 


0.1  hz 


Q2  -nearside 

- > 

23n.farside 


TEST  ACTUALS 


Lab  ID  |  ftechinelD 


VJ(in ch)  |t(inch): 


P rraxO^P)  i  Pmn^P):  g[£. 


Tenp(degF)  |  % Ffri 


F 

nr 

NEARSIDE 


FARSICE 


Pre- 

crack 

tun 

3nw 

1 

HA13 

2 

%005 

3 

l5iOO[p 

3.(pU 

4 

HTW 

LfcSI 

«* 

5 

3-Ip1^ 

6 

\2>  ,fi5fc 

4-t3te 

3  4>V3 

\ 

* 

7 

\$s0(% 

4-1H& 

8 

\<?,M 

3-ip\\ 
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